CPEB, a cytoplasmic polyadenylation element-binding protein, plays an important role in translational control of maternal mRNAs in early animal development. During Xenopus oocyte maturation, CPEB undergoes a Cdc2-mediated phosphorylation-and ubiquitindependent degradation that is required for proper entry into meiosis II. However, the precise mechanism of CPEB degradation, including the identity of the responsible E3 ubiquitin ligase, is not known. Here, we show that the SCF ␤-TrCP E3 ubiquitin ligase complex targets CPEB for degradation during Xenopus oocyte maturation. ␤-TrCP, the F-box protein of SCF ␤-TrCP , specifically binds to a sequence 190TSGFSS195 (termed here the TSG motif) of CPEB, thereby targeting CPEB for degradation. ␤-TrCP binding depends on phosphorylation of Thr-190, Ser-191, and Ser-195 in the TSG motif. Among these residues, Ser-191 is phosphorylated by the Polo-like kinase Plx1, which binds CPEB at a specific Thr-125 residue prephosphorylated by Cdc2. Finally, Cdc2-mediated phosphorylation of other multiple Ser residues, previously implicated in CPEB degradation, is required for both Thr-125 phosphorylation and ␤-TrCP binding, presumably causing conformational changes of CPEB. We propose that Cdc2 and Plx1 sequentially phosphorylate CPEB and target it for SCF ␤-TrCP -dependent degradation in Xenopus oocytes. We suggest that many other proteins carrying the TSGlike motif may be targeted by SCF ␤-TrCP .
I
n animals, full-grown oocytes contain a large amount of maternal mRNAs that are translationally dormant or masked (1) . In vertebrates, translational activation of certain maternal mRNAs promotes oocyte maturation, during which (immature) oocytes undergo two consecutive M phases and arrest again at metaphase of meiosis II (2, 3) . Temporal and selective mechanisms are involved in this activation of maternal mRNAs. Cytoplasmic polyadenylation of the 3Ј untranslated region (3ЈUTR) of mRNA, which is faithfully correlated with translational activation of the mRNA (4), is required for oocyte maturation in many species (5) . Cytoplasmic polyadenylation of maternal mRNAs generally requires two specific cis-acting elements, a cytoplasmic polyadenylation element (CPE) and a universal hexanucleotide poly(A) signal in the 3ЈUTR, both of which bind specific trans-acting proteins (1, 5) .
CPEB, a highly conserved CPE-binding protein first identified in Xenopus oocytes (6) , mediates cytoplasmic polyadenylation of many CPE-containing mRNAs (7) . During Xenopus oocyte maturation, two different types of CPEB modification occur and play a role in differential mRNA translation or proper meiotic progression. Phosphorylation of CPEB on Ser-174, which occurs at an early stage of maturation and is mediated by Aurora-A or other kinases (8, 9) , is required for early activation of a class of mRNAs such as that encoding Mos (8) . On the other hand, a large fraction (70-90%) of CPEB proteins undergoes a ubiquitin/proteasome-dependent degradation at entry into meiosis I (10, 11) . This degradation causes a change in the CPEB/CPE ratio and results in activation of another class of mRNAs, such as those encoding cyclin B1 and Erp1, thereby driving entry into meiosis II (11, 12) . It is worth noting that CPEB is degraded in maturing oocytes in many other species as well (13) (14) (15) .
The ubiquitin-dependent degradation of CPEB in maturing Xenopus oocytes requires both a PEST sequence [a Pro/Glu/ Ser/Thr-rich sequence typical of short-lived proteins (16) ] and a Cdc2-catalyzed phosphorylation of multiple Ser residues in CPEB protein (10, 11) . The PEST sequence is conserved in CPEB proteins from many other species (5) , and clam CPEB also undergoes a PEST-and Cdc2-phosphorylation-dependent degradation in oocytes (13) . However, the precise mechanism of CPEB degradation, including the identity of the responsible E3 ubiquitin ligase, is not known in any species. Here, we identify SCF ␤-TrCP as the responsible ubiquitin ligase and elucidate the molecular mechanism of CPEB degradation in Xenopus oocytes. We discuss our results in the context of recognition motifs by SCF ␤-TrCP , the general mechanism of CPEB degradation, and the possible importance of this degradation in other biological processes.
Results

Involvement of SCF ␤-TrCP in the Degradation of CPEB During Oocyte
Maturation. CPEB undergoes hyperphosphorylation and ubiquitin/proteasome-dependent degradation at the time of germinal vesicle breakdown [(GVBD) a hallmark for entry into meiosis I] during Xenopus oocyte maturation (10, 11) . On the other hand, the SCF (Skp1/Cul1/F-box protein) ubiquitin ligase complexes target a variety of phosphoproteins for degradation in diverse cellular processes (17) . These findings prompted us to investigate whether any SCF complex(es) could be involved in the degradation of CPEB during Xenopus oocyte maturation. Among many SCF complexes, we examined the possible role of SCF ␤-TrCP in CPEB degradation, because this SCF complex plays a role in meiotic progression in (male) mice (18) and is functional during oocyte maturation in Xenopus (19) . ␤-TrCP is the F-box protein of SCF ␤-TrCP and generally recognizes phosphorylated motifs of target proteins (refs. 17 and 20; see also below). Therefore, first we overexpressed a dominant-negative mutant of ␤-TrCP (␤-TrCP⌬F) in immature Xenopus oocytes (21) and then monitored the levels of endogenous CPEB during progesteroneinduced oocyte maturation. In either nonexpressing or control GST-expressing oocytes, CPEB was hyperphosphorylated (see the size shifts) and considerably degraded at GVBD (Fig. 1A) , as reported in refs. 10 and 11. In ␤-TrCP⌬F-expressing oocytes, however, the degradation of CPEB was nearly completely inhibited, and both its levels and phosphorylation remained high even after GVBD (Fig. 1 A) , suggesting that (endogenous) SCF ␤-TrCP was involved in CPEB degradation during maturation. We then examined whether CPEB could physically interact with ␤-TrCP during maturation. When coexpressed in oocytes and then pulled down by using glutathione beads, GST-tagged CPEB, but not GST alone, was found to be associated with Myc 3 -tagged ␤-TrCP in maturing GVBD oocytes but not in immature oocytes (Fig. 1B) . Furthermore, when immunoprecipitated from GVBD oocytes, Myc 3 -␤-TrCP was found to be bound specifically to not only GST-CPEB but also endogenous CPEB (Fig. 1C) . In addition, the amount of ␤-TrCP bound to CPEB was considerably increased when CPEB degradation was prevented by the proteasome inhibitor MG132 [supporting information (SI) Fig. 5 ]. Thus, these results suggest that SCF ␤-TrCP is the ubiquitin ligase involved in the proteasome-dependent degradation of CPEB during Xenopus oocyte maturation.
Identification of a ␤-TrCP-Binding Site in CPEB. In preliminary experiments, ␤-TrCP was found to bind the N-terminal half of CPEB during maturation (data not shown). This N-terminal region contains the PEST sequence, which is required for the degradation of CPEB during maturation (10) and is evolutionarily well conserved (ref. 11; Fig. 2A ). Interestingly, we noticed that the PEST sequence of Xenopus CPEB, consisting of Ϸ30 aa, harbors a highly conserved short sequence 190 TSGFSS 195 (hereafter called the TSG motif) (Fig. 2 A) , which resembles the conventional, doubly phosphorylated DSG motif (DpSG⌽XpS, where ⌽ represents a hydrophobic amino acid and X represents any amino acid) that is recognized by ␤-TrCP (20) . To test whether the TSG motif could function as a ␤-TrCP-binding site of CPEB, first we expressed in oocytes CPEB mutants with substituted alanine at the individual residues of the TSG motif and monitored their stabilities during oocyte maturation. These analyses revealed that most of the mutants (T190A, S191A, G192A, F193A, and S195A) were stable even after GVBD, whereas the S194A mutant was unstable, similar to wild-type (WT) CPEB (Fig. 2B ). We then asked whether or not the respective mutants (tagged with GST) could bind ␤-TrCP by coexpressing each of the mutants and ␤-TrCP (tagged with Myc 3 ), and then by performing GST-pulldown assays. Compared with WT CPEB, the five stable mutants, but not the unstable S194A mutant, showed strongly reduced interactions with ␤-TrCP at GVBD (Fig. 2C ). These results, showing a good, structural, and functional correspondence of the TSG motif to the conventional DSG motif, suggest that the TSG motif is a functional ␤-TrCP-binding site in CPEB.
Because dual phosphorylation of the DSG motif is essential for ␤-TrCP binding (20), we tested whether phosphorylation at the corresponding S191 and S195 residues (and at T190) of the TSG motif was required for ␤-TrCP binding. For this, we incubated bead-bound synthetic peptides having either doubly (pS191/pS195; 2P), triply (pT190/pS191/pS195; 3P), or non (non-P)-phosphorylated TSG motifs with oocyte extracts expressing ␤-TrCP. Peptide-pulldown assays revealed that, whereas non-P peptides could not bind ␤-TrCP, both the 2P and 3P peptides could, the latter showing Ϸ3-fold stronger binding to ␤-TrCP than the former (Fig. 2D) . These results suggest that phosphorylation of S191 and S195 is essential for ␤-TrCP binding, and that additional phosphorylation of T190 significantly enhances the binding (probably mimicking the acidic Asp residue of the DSG motif). Taken together, these results strongly suggest that the TSG motif functions as a ␤-TrCP-binding site in CPEB if phosphorylated at the relevant residues.
Plx1 Binds CPEB and Phosphorylates the TSG Motif. We next intended to identify the kinase(s) responsible for phosphorylation of the TSG motif in CPEB. Interestingly, inspection of the TSG motif and its surrounding sequence revealed that at least one of the three essential Ser/Thr residues in the TSG motif, or S191, lies in the Polo-like kinase Plk1 phosphorylation motif (D/E-X-S/T) (22) . We therefore tested whether Plx1, the Xenopus homolog of mammalian Plk1, could directly phosphorylate the TSG motif on any Ser/Thr residue. We performed in vitro Plx1 kinase assays by using [␥-32 P]ATP and GST-CPEB peptides (residues 181-200), which contained either the WT or the mutated TSG motifs (T190A, S191A, S195A, or S191/195A). Recombinant active Plx1, but not kinase-dead Plx1, was able to phosphorylate the WT peptides, and this phosphorylation was significantly (Ϸ60%) reduced only when S191 was mutated to Ala (Fig. 3A) . Furthermore, anti-phospho-S191 antibody could significantly recognize the Plx1-phosphorylated WT peptides (SI Fig. 6A ; also see SI Fig. 6B ). Thus, S191 (but not T190 or S195) was a direct phosphorylation site by Plx1 in vitro, consistent with it lying in the Plx1 consensus motif.
Unfortunately, phosphorylation of S191 in endogenous CPEB could not appreciably be detected by the anti-phospho-S191 antibody (data not shown), probably because of the fairly low titer of the antibody and phosphorylation of the adjacent T190 residue (by an unknown kinase). However, a D189A mutant, which had a disrupted Plx1 consensus motif (A-X-S 191 ), failed to be phosphorylated by Plx1 in vitro and was substantially stable in maturing oocytes, similar to the S191A mutant (SI Fig. 7) . Therefore, Plx1 probably phosphorylated CPEB on S191 in vivo and thereby promoted its degradation. Indeed, consistent with the Plx1-promoted CPEB degradation, overexpression of a dominant-negative Plx1 mutant (N172A; see ref. 23 ) could significantly inhibit the degradation of (endogenous) CPEB during maturation (Fig. 3B) . Furthermore, and importantly, ectopically expressed GST-CPEB was found to be very strongly associated with (endogenous) Plx1 in maturing oocytes, or Ϸ8-fold more strongly than in immature oocytes (after normalization of the CPEB levels) (Fig. 3C) . Thus, these results suggest that Plx1 physically interacts with CPEB and phosphorylates its TSG motif on S191 during maturation.
Identification of a Plx-Docking Site in CPEB.
Given the presence of a phospho-Plk1-docking motif (S-pS/pT-P/X) in Plk1 target proteins (24) , the interaction between Plx1 and CPEB might occur via a similar docking motif present in CPEB. In preliminary experiments, an N-terminal region (residues 100-150) of Xenopus CPEB was essential for CPEB to interact with Plx1 in maturing oocytes (data not shown). Interestingly, this region contains a 124 STP sequence that matches the Plk1-docking motif (SpTP). We therefore addressed whether (phosphorylated) T125 would be involved in CPEB-Plx1 interactions. First, we examined the stability of a T125A mutant (tagged with GST) during maturation. This mutant was less phosphorylated and substantially more stable than WT CPEB during maturation (Fig. 3D, input) , suggesting that T125 phosphorylation was required for both full phosphorylation and degradation of CPEB. We then tested for the interaction of the T125A mutant and (endogenous) Plx1 by GST-pulldown assays. Compared with WT CPEB, the T125A mutant could not bind Plx1 during maturation (Fig. 3D , GST-PD), suggesting that T125 phosphorylation was essential for the interaction of CPEB with Plx1. Indeed, synthetic peptides containing phosphorylated T125, but not those containing nonphosphorylated T125, could efficiently bind Plx1 in oocyte extracts (Fig. 3E) . Finally, compared with WT CPEB, the T125A mutant showed a greatly reduced relative binding to ␤-TrCP at GVBD (Fig. 3F) , consistent with its enhanced stability (Fig. 3 D and F) . These results, together with the above results ( Fig. 3 A-C and SI Fig. 7 ), strongly suggest that Plx1 binds CPEB at phosphorylated T125 and then phosphorylates the TSG motif on S191, thereby promoting ␤-TrCP binding and degradation of CPEB.
Phosphorylation of T125 by Cdc2. Given these results, prior phosphorylation of T125 would be a crucial step for CPEB degradation. We therefore intended to identify the kinase responsible for phosphorylation of T125. Before this, we tried to detect phosphorylation of T125 in vivo. For this, we used a universal anti-phospho-Thr-Pro antibody, because T125 is followed by a Pro residue (see above). After being pulled down from maturing but not immature oocytes, G192A, a stable TSG-motif mutant of CPEB (Fig. 2B ), could be recognized by the anti-pTP antibody much more strongly than T125A (which was slightly less stable than G192A) (Fig. 4A) . Thus, T125 (followed by Pro) was probably phosphorylated during maturation. Given this result, T125 might be phosphorylated by either Cdc2 or MAPK, which are both proline-directed kinases and are active at the time of GVBD (25) . To determine which kinase was responsible for T125 phosphorylation, we expressed G192A or T125A (as control) in oocytes and then examined T125 phosphorylation during maturation in the presence of the Cdc2 inhibitor roscovitine or the MAPK inhibitor U0126. Whereas T125 phosphorylation did not occur in the presence of roscovitine (which totally inhibited maturation) (SI Fig. 8A ), it did occur at GVBD even in the presence of U0126 (Fig. 4B) , suggesting that Cdc2, but not MAPK, was involved in T125 phosphorylation. Indeed, Cdc2 activation by ectopic expression of cyclin B could induce GVBD and T125 phosphorylation even in the presence of U0126 (Fig.  4B ), whereas MAPK activation by expression of Mos (25) failed to do so in the presence of roscovitine (SI Fig. 8A ). Furthermore, WT CPEB was associated with ␤-TrCP and degraded normally even in the presence of U0126 but not roscovitine (SI Fig. 8B ). Finally, both CPEB fragments and full-length CPEB proteins could be phosphorylated on T125 by Cdc2 kinase in vitro (Fig.   4C) [and Cdc2-phosphorylated full-length CPEB could be efficiently phosphorylated on S191 by Plx1 in vitro (SI Fig. 6B)] . Altogether, these results suggest that Cdc2, but not MAPK, phosphorylates CPEB on T125, thereby creating a docking site for Plx1.
Role for Other Cdc2-Mediated Phosphorylations in CPEB Degradation.
Previous work showed that CPEB degradation during maturation requires a Cdc2-mediated phosphorylation of six Ser residues (138, 144, 184, 210, 248, and 423) in the Ser-Pro motif (11) . However, how these multiple phosphorylations are involved in the degradation of CPEB remains unclear. We therefore addressed the role for the multiple Ser phosphorylations in CPEB degradation. First, we confirmed that 6A-CPEB, in which all of the six Cdc2-phosphorylatable Ser residues were mutated to Ala (11), was hypophosphorylated and stable at GVBD; its stability was similar to that of T125A but somewhat lower than that of G192A (SI Fig. 9A ; also see Fig. 4 D and E) . Very interestingly, when T125 phosphorylation was examined, this phosphorylation as well as Plx1-binding of 6A-CPEB was shown to be significantly reduced, as compared with that of G192A, but not to the background levels as in T125A (Fig. 4D) . Notably, however, ␤-TrCP-binding of 6A-CPEB was as low as that of T125A (Fig.  4E ), rather consistent with their comparable stabilities (SI Fig.  9A and Fig. 4 D and E) . These results suggest that the six Ser phosphorylations are required, at least in part, for not only T125 phosphorylation (which induces a Plx1-dependent phosphorylation of S191) but also some other event(s) involved in efficient ␤-TrCP binding. If so, one possibility would be that the multiple Ser phosphorylations are required for a proper phosphorylation of T190 and S195 (in addition to S191) in the TSG motif (Fig.  2) , thereby being involved in efficient ␤-TrCP binding. To test this possibility, we prepared a CPEB mutant (DDG) in which T190, S191, and S195 in the TSG motif were all mutated to Asp [to mimic a phosphorylated DSG motif (21)] and then examined whether this mutant would be unstable irrespective of phosphorylations by Cdc2. Interestingly, the DDG mutant was (only) weakly bound to ␤-TrCP and rather stable in immature oocytes, whereas it was very strongly bound to ␤-TrCP (see the relative binding) and unstable during maturation, similar to WT CPEB ( Fig. 4F and SI Fig. 9B ). This finding suggests that maturationassociated modification, perhaps phosphorylation by Cdc2, is required for the DDG mutant (or the triply phosphorylated TSG motif) to efficiently bind ␤-TrCP. Consistent with this, a DDG/6A double mutant, which was also weakly bound to ␤-TrCP in immature oocytes, did not show any great increase in ␤-TrCP binding and was stable during maturation, similar to 6A-CPEB (Fig. 4F) . Thus, these results suggest that the six Ser phosphorylations by Cdc2 are probably not simply required for phosphorylations of the TSG motif, but are rather required for yet another event(s) involved in efficient ␤-TrCP binding. Given their rather dispersed locations and their requirement for T125 phosphorylation by Cdc2 itself, the multiple Ser phosphorylations by Cdc2 might cause conformational changes of CPEB that allow efficient ␤-TrCP binding as well as T125 phosphorylation.
Discussion
In Xenopus oocytes, progression through meiotic maturation requires the degradation of CPEB (11, 12) . Despite its importance, however, the precise mechanism of CPEB degradation is not known (7, 26) . In this study, we have elucidated the molecular mechanism of CPEB degradation in Xenopus oocytes, which is summarized in Fig. 4G . Our results show that the SCF ␤-TrCP ubiquitin ligase is involved in the degradation of CPEB (Fig. 1) . Moreover, the well conserved sequence 190 TSGFSS 195 , termed here the TSG motif, serves as a ␤-TrCP-binding site in CPEB if phosphorylated on T190, S191, and S195 (Fig. 2) . ␤-TrCP generally recognizes the conventional doubly phosphorylated DSG motif (DpSG⌽XpS) (20) , the nonphosphorylated DDG motif (DDG⌽XD) (21), or their chimeric motifs of target proteins (27) . The functional, triply phosphorylated TSG motif (pTpSGFSpS) of CPEB resembles the DSG and DDG motifs in both the primary sequence and the electric charge distributions. Therefore, these properties may allow the TSG motif to bind the WD40 repeats of ␤-TrCP through specific hydrogen bonds and electrostatic interactions (28) . Interestingly, the TSG motif (consensus; TSG⌽XS) is present in at least several hundred human proteins, including the transcription factor FoxP2 and the circadian clock protein Per1 (see SI Table 1 ); notably the motif of Per1 (TSGCSS) has been suggested to be a phosphodegron for ␤-TrCP (29) . Thus, a significant number of proteins carrying the TSG motif [and a TSG-related SSG motif (SSG⌽XS)] might be targeted by ␤-TrCP (SI Table 1 ).
Our data show that Plk1(Plx1) phosphorylates CPEB on S191 in the TSG motif and thereby promotes its ␤-TrCP binding and degradation (Fig. 3) . They also show that Cdc2 phosphorylates CPEB on T121 (in the TP motif) and thereby creates a docking site for Plk1 (Fig. 4 A-C) . To date, Plk1 also phosphorylates three cell-cycle regulators, Wee1 (27) , Emi1 (30) , and Erp1 (31), on Ser residues in their DSG or DSG-like motifs, thereby targeting them for SCF ␤-TrCP -depdendent degradation. Unlike the case with CPEB (and Wee1), however, the Plk1-docking site of Erp1 is created by CaMKII-but not Cdc2-mediated phosphorylation (31) . This is, however, probably due to the somewhat loose consensus sequence of the Plk1-docking motif (S-pS/pT-P/X), in which the S/T-P sequence is the Cdc2 phosphorylation motif (24) . In this context, the Plk1-docking motif of human CPEB might be phosphorylated by a kinase(s) other than Cdc2, because it does not end with a Pro residue (GenBank accession no. BC050629). In any case, this study demonstrates that Plk1 also (G) A model for the molecular mechanism of CPEB degradation during Xenopus oocyte maturation. Activated Cdc2 phosphorylates CPEB at both T125 and multiple Ser residues (marked with a circled 1), Plx1 binds to phosphorylated T125 (marked with a circled 2), Plx1 then phosphorylates S191 in the TSG motif (marked with a circled 3), and SCF ␤-TrCP recognizes the (triply) phosphorylated TSG motif and targets CPEB for degradation (marked with a circled 4). Phosphorylation of multiple Ser residues by Cdc2 may cause conformational changes of CPEB, thereby facilitating ␤-TrCP binding as well as T125 phosphorylation.
phosphorylates and targets a translation-related protein, or CPEB, for SCF ␤-TrCP -dependent degradation.
As reported in ref. 11, 6A-CPEB, in which all of the six Cdc2-phosphorylatable Ser residues were mutated to Ala, is stable during Xenopus oocyte maturation (Fig. 4 D and E) . Interestingly, the six Ser phosphorylations by Cdc2 are required, at least in part, for both T125 phosphorylation and ␤-TrCP binding (Fig. 4 D and E) . Further analysis suggests that the multiple Ser phosphorylations may cause conformational changes of CPEB, thereby facilitating ␤-TrCP binding as well as T125 phosphorylation (Fig. 4F) . If so, and given the rather dispersed locations of the six Ser residues (11), their phosphorylations might act to expose the TSG motif as well as the T125 residue. In the case of Cdc25A, phosphorylation of nearby residues has been suggested to expose the DDG motif, thereby enhancing ␤-TrCP binding (21) .
CPEB undergoes degradation during oocyte maturation in various species (13) (14) (15) , its TSG motif and STP/X motif (for Plk1 docking) being evolutionarily well conserved (ref. 11; Fig.  2 A) . Thus, the mechanism of CPEB degradation uncovered here (Fig. 4G ) may be fairly general. Furthermore, given the function of CPEB in diverse biological processes (7), CPEB degradation might also occur and play a role in some other biological processes besides oocyte maturation and embryonic division (11, 32) . For example, in mice and rats, CPEB proteins are concentrated in the postsynaptic density of neurons to activate translation of ␣-CaMKII mRNA (33) . Changing levels of synaptic activity can then alter protein composition in the postsynaptic density and induce synaptic remodeling in a Plk2-and ubiquitin-dependent manner (34) . Therefore, it is possible that Plk2, a close relative of Plk1, targets the postsynaptic density-concentrated CPEB proteins for SCF ␤-TrCP -dependent degradation for synaptic remodeling. Future studies are needed to elucidate the role for CPEB degradation in such important biological processes.
Materials and Methods
Preparation of Oocytes. Full-grown Xenopus oocytes were prepared, microinjected, and cultured as described in ref. 35 . Maturation was induced by treating oocytes with 5 g/ml progesterone. In some experiments, oocytes were treated with 100 M U0126 (v1121; Promega, Madison, WI) before 1 h of progesterone treatment. Protein-Binding Assays. For GST-pulldown or immunoprecipitation assays, oocytes expressing GST-fusion proteins or Myc 3 -tagged proteins were homogenized in a binding buffer (20 mM sodium phosphate, pH 8.0/80 mM ␤-glycerophosphate/0.5% Triton-X/1 mM EDTA/1 mM DTT/200 mM PMSF/2 mM pepstatin/1 mM NaF/1 mM Na 3 VO 4 ) and centrifuged briefly. The supernatants, equivalent to 10-30 oocytes, were incubated with 10 l of slurry of glutathione-Sepharose 4B beads (17-0756-01; GE Healthcare, Chalfont St. Giles, U.K.) for GST-pulldown or coincubated with 2 l of anti-Myc antibody (ab9106; Abcam, Cambridge, MA) and 10 l of slurry of protein G beads (20398; Pierce, Rockford, IL) for immunoprecipitation for 30 min at 4°C with constant mixing. The beads were washed three times with the binding buffer, eluted with 2ϫ SDS sample buffer, and then subjected to immunoblotting with appropriate antibodies. For peptide-pulldown assays, the synthetic peptides used were CDS-DTSGFSSGSD, CDSDTpSGFSpSGSD, and CDSDpTpSGFSpSGSD in Fig. 2D and CDSEAGGHSSTPT and CDSEAGGHSSpTPT in Fig. 3E . These peptides were covalently linked to SulfoLink coupling gel (20401; Pierce) at a concentration of 1 mg of peptide per 1 ml of gel, according to manufacture's instructions. Ten micrograms of the peptides bound to the gel were incubated with 30 l of oocyte extracts (equivalent to 10 oocytes) for 30 min at 4°C, pulled down, and subjected to immunoblotting with appropriate antibodies.
